The objective of the present study was to evaluate the effects of MCFA and probiotic (Enterococcus faecium DSM 7134) supplementation on growth performance, nutrient digestibility, blood profiles, faecal score, excreta microbiota, and excreta noxious gas emission in weanling pigs. A total of 140 weanling pigs [(Yorkshire × Landrace) × Duroc] were allotted to four treatments groups of seven replicates/treatment and five pigs/replicate. The four experimental diets included: CON diet (basal diet); T1 (CON + MCFA 0.2%); T2 (CON + probiotic 0.01%) and T3 (CON + MCFA 0.2% + probiotic 0.01%). Growth performance, average daily gain (ADG), average daily feed intake (ADFI), gain-to-feed ratio (G : F), Nutrient digestibility: dry matter (DM), nitrogen (N), energy were determined along with blood profiles: glucose, blood urea nitrogen (BUN), creatinine, high density lipoprotein (HDL), low density lipoprotein (LDL), total cholesterol, triglyceride, Excreta bacteria: Lactobacillus, E. coli, Excreta gas emission: NH 3 , H 2 S, total mercaptans, acetic acid and faecal scores. Overall, average daily gain (ADG) and G : F in T2 and T3 treatment groups was higher than in T1 and controls. In blood profiles, glucose levels were found to be increased in week two and six in the treatment groups compared to controls. In addition, the nutrient digestibility of DM, N and energy were found to be increased significantly in T2 and T3 when compared to T1 and controls. There was no significant difference observed between the groups for faecal score, microflora and noxious gas emission. In conclusion, dietary MCFA and probiotic supplementation in weanling pigs are efficacious alternatives to antibiotics, and can improve health status and performance.
Antibiotics have been commonly used as growth promoters in animal feed (Barton 2000) . However, in 2006, the use of antibiotics as growth promoters was forbidden in the EU (Chen et al. 2005) and as an expansion of this policy to other countries can now be expected, intensive research is focused on the development of alternative strategies with the aim to maintain animal health and performance (Chen et al. 2005; Bomba et al. 2006; Castillo et al. 2008) . According to Giang et al (2010) , piglets fed with probiotic complex diets had higher feed intake, daily gain and better feed conversion after weanling. Likewise, Inclusion of Enterococcus faecium (10 8 CFU/g) significantly improved growth and feed conversion ratio in weanling pigs (Malloa et al 2010) . Our previous studies have confirmed that the efficacy of probiotics in pigs was influenced by dietary energy and nutrient density Yan and Kim 2013) .
The weanling period is one of the most critical stages in the life cycle of pigs as animals show many social, environmental, and dietary changes in a short span of time. The combination of these circumstances generally results in disease for most animals, mostly different bacterial and viral illnesses (Wallgren and Melin 2001) . Early-weaned piglets are exposed to several stress factors, with nutrition, aetiology and indoor housing environment particularly implicated (Laine et al. 2008) . Organic acids have been suggested to improve performance in pigs (Partanen and Mroz 1999) , and such substances were shown to be effective against post-weaning diarrhoea caused by enterotoxigenic E. coli k88 (ETEC) (Tsiloyiannis et al. 2001 ). Patterson and Burkholder (2003) suggested that the use of probiotic microorganisms and prebiotic substrates could exert beneficial effects in animals. Administration of a probiotic in a high-nutrient-density diet could be more effective with respect to the gastrointestinal environment and subsequent nutrient utilisation in pigs than a low-nutrient-density diet Yan and Kim, 2013) . Yan and Kim (2013) also reported that coefficient of apparent ileal digestibility (CAID) was increased by the administration of probiotics (Enterococcus faecium DSM 7134, 2.0 × 10 9 CFU/kg diet) in finishing pig diet. The fatty acids found in medium-chain triglycerides (MCTs) are medium-chain fatty acids (MCFAs), such as caproic acid (c6), caprylic acid (c8), capric acid (c10) and lauric acid (c12). These are digested, absorbed and metabolised differently from long-chain fatty acids (LCFAs), because MCFAs are absorbed directly into portal circulation and transported to the liver for rapid oxidation (Odle 1998) . MCFAs can rapidly supply energy for the newborn piglets (Lee and Chiang 1994) . In addition, MCFAs have antibacterial function similar to short-chain fatty acids (Skrivanova et al. 2006) .
Enterococcus faecium are regarded as normal components of the intestinal microbiota of swine and therefore E. faecium DSM 7134 was used in the present study. Cernauskiene et al. (2011) reported that E. faecium could produce lactic acid to reduce the pH value of the intestinal content and inhibit the development of invasive pathogens. Yan and Kim (2013) and Chen et al. (2006) reported that dietary supplementation of E. faecium DSM 7134 and E. faecium SF68 reduced faecal NH 3 and H 2 S emissions, respectively.
So far there is a general lack of information about the optimum dose of MCFA and therefore, we conducted experiments to evaluate the effects of the inclusion of MCFA and probiotic (Enterococcus faecium DSM 7134) in the diet of weanling pigs. The main objective of the present study was to evaluate the effects of MCFA and probiotic supplementation on growth performance, nutrient digestibility, blood profiles, faecal score, excreta microbiota, and excreta noxious gas emission in weanling pigs. Source of probiotic. The probiotic preparation used in the current experiments was provided by a commercial company (Bonvital, Schaumann Agri International GmbH, Pinneberg, Germany). This product was composed of Enterococcus faecium DSM 7134. The MCFA (FAro 612) is a mixture of MCFA 8-10, silica acid and cream flavour. The active substances present in it are 58% MCFA, caprylic and capric acid (palm kernel), 42% silicic acid and cream flavour. MCFA is a combination of caproic acid (c6), caprylic acid (c8), capric acid (c10) and lauric acid (c12). MCFA is present in milk fat, coconut and palm kernel fat as triglycerides and after technological refinery steps it is converted to MCFA. The MCFA exerts broad antibacterial activity by inhibiting bacterial growth. Free MCFA represent a novel solution for the regulation and inhibition of gram-positive and gram-negative bacteria in the digestive tract of pigs.
MATERIAL AND METHODS
Experimental procedures. The experiments were conducted over a period of six weeks (42 days). The parameters measured were body weight, feed intake, GF, nutrient digestibility, blood profiles, faecal score, excreta microbiota and excreta noxious gas contents. Body weight was measured at the end of Week 2 and 6 of the experimental period, and feed consumption was recorded on a per pen basis during the experiment to calculate the average daily gain (ADG), average daily feed intake (ADFI) and gain-to-feed ratio (G : F). Nutrient digestibility of DM, gross energy and N was determined. Titanium oxide was added to the feed at 0.2% dosage (2 kg/t of feed) and for a duration of five days as an indigestible marker for digestibility determination.
Fresh faecal grab samples collected from two pigs per pen were mixed and pooled, and a representative sample was stored in a freezer at -20 °C until analysed. Before chemical analysis, the faecal samples were thawed and dried at 70 °C for 72 h, after which they were finely ground to a size that could pass through a 1-mm screen. All feed and faecal samples were then analysed for DM, gross energy, and N following the procedures outlined by the AOAC (2003) . For the blood profile, two pigs from each pen were randomly selected and blood samples were collected via anterior vena cava puncture on Day 14 and 42. At the time of collection, blood samples were collected into both non-heparinised tubes and vacuum tubes containing K 3 EDTA (Becton, Dickinson and Co., Franklin Lakes, NJ) to obtain serum and whole blood, respectively. After collection, serum samples were centrifuged (3000 × g) for 15 min at 4 °C. The concentrations of glucose, BUN, creatinine, HDL, LDL, total cholesterol and triglyceride in the blood serum were determined using an automatic blood analyser (ADVIA 120, Bayer, NY).
Total bacteria, including Lactobacillus, Escherichia coli (E. coli) were determined on fresh morning faecal samples at the end of the experiment. Faecal microbiota was determined by serial dilution (10 −1 to 10 −7 ) in anaerobic diluent before inoculation onto Petri dishes of sterile agar. Lactobacilli and E. coli present in the fresh faecal samples were enumerated. The selective medium for Lactobacillus was Rogosa SL agar (Rogosa; Difco Laboratories, Detroit, MI, USA) and for E. coli it was Mac Conkey agar. After inoculation, all the dishes were inverted and incubated anaerobically at 37 °C for 48 h. The enumerated colony counts were presented as log 10 transformed data. At the end of the experiment, 300 g fresh excreta samples were collected randomly from each cage. Samples were kept in sealed containers and were immediately stored at -4 °C. Subsamples of excreta were taken and stored in 2.6-L plastic boxes in duplicate. Thereafter, plastic boxes were sealed carefully. Each box had a small hole in the middle of the wall on one side, which was sealed with adhesive plaster. The samples were permitted to ferment for five days at room temperature (25 °C). After the fermentation period, gas detection emission was detected using a Gastec (Model GV-100) gas sampling pump. Levels of NH 3 , H 2 S, mercaptans and acetic acid were measured within the scope of 5.0-100.0 (No. 3La, detector tube; Gastec Corp.), 2.0-20.0 (4LK, detector tube; Gastec Corp.), 0.5-120.0 (No.70 L and 70, detector tube; Gastec Corp.) and 2.0-50.0 (No. 81 L, detector tube; Gastec Corp.) ppm. Prior to the measurements, slurry samples were shaken manually for approximately 30 s in order to disrupt any crust formation on the surface of the slurry sample and to homogenise them. The adhesive plasters were punctured, and 100 ml of headspace air were sampled approximately 2.0 cm above the slurry surface. Two samples from each pen were measured and averages were calculated.
Statistical analyses. Data were analysed using a randomised complete block design following GLM procedures of SAS, with each pen regarded as the experimental unit. The means of the treatments were compared using Duncan's multiple range test. Variability in the data was expressed as the pooled SE and the level of significance was set at 0.05.
RESULTS

Growth performance
The growth performance of weanling pigs is presented in Table 2 . The treatments significantly increases the ADG and G/F compared to the CON over the six weeks of the experiment. Overall ADG and G/F values in T2 and T3 treatment groups were higher (P < 0.05) than in T1 and CON treatments. 
Blood profiles
The concentrations of serum BUN, creatinine, uric acid, AST, ALT and glucose were determined after Weeks 2 and 6. The level of glucose was found to be significantly increased in treatment groups (T1, T2 and T3) when compared to the control (P < 0.05) after two weeks. Likewise, after six weeks, glucose levels were significantly elevated in the treatment groups when compared to the control (P < 0.05; ANOVA). AST and ALT levels were not found to be significantly changed in treatment groups when compared with the controls after either two or six weeks (Table 3) .
Faecal microflora and faecal score
Supplementation of MCFA with probiotic in the treatment groups (T1, T2 and T3) did not elicit any significant differences when compared to the control (Table 4 ). There was also no significant difference found in faecal score from Day 1 to Day 7 in weanling pigs from the treatment groups when compared to the controls (Table 5) .
Nutrient digestibility
The ATTD of dry matter (DM), nitrogen and energy in weanling pigs fed with T2 and T3 treatments showed higher values (Table 6 ) when compared with weanling pigs fed with T1 and CON treatments, after both two and six weeks.
Gas emission
Supplementation with dietary MCFA and probiotic did not result in any reduction in mercaptan, hydrogen sulphide and acetic acid emission in weanling pigs, but did elicit a significant decrease in ammonia in T2 and T3 (Table 7) . Slight differences were observed among the treatments but these were not significant (P > 0.05) when compared to controls and among the different treatments.
DISCUSSION
Any tool which contributes to providing high quality nutrients for the human diet is of great use (Partanen and Mroz 1999) . In recent times, the application of probiotics, in particular, has received significant attention in the pig industry (Chen et al. 2006; Meng et al. 2010; Yan et al. 2010; Yan et al. 2011) . Probiotics are live microbial additives which affect the gut flora in a way that is beneficial to the host animal by improving the intestinal microbial balance (Fuller 1992) . However, the probiotic supplementation in practice is highly inconsistent because of different diet compositions, differences in strains, dose levels, age of the animals, and interactions with environmental factors (Loh et al. 2008; Khan et al. 2011 ). According to Mountzouris et al. (2010) , the effect of probiotics could be affected by various factors, for example, the quality of feed components and anti-nutritional compounds. Meng et al. (2010) also suggested that nutrient density could influence the effect of probiotics in growing pigs. Mohana Devi et al. (2014a) reported that supplementation of protein sources in growing pig diets improved their growth rate and feed intake. It has been suggested that probiotics require some nutrients and energy for their effect on immune cell function (Fuller 1989; FAO 2002) . According to Mountzouris et al. (2010) , the beneficial functions of probiotics require a nutrient and energy cost because of the growth and proliferation of live microbes.
Growth performance
Dietary probiotic supplementation and a high nutrient diet was shown to improve growth performance and nutrient digestibility in growing pigs (Yan and Kim 2013) . In the present study, the T2 and T3 treatments supplemented with probiotics significantly increased average daily gain (ADG) and G/F compared to the T1 and CON groups over a period of six weeks. Overall ADG and G/F values in T2 and T3 probiotic treatment groups were also found to be higher than for T1 and CON treatments. Yan et al. (2010) also reported that increased nutrient density improved ADG in growing-finishing pigs. Lojanica et al. (2010) and Cernauskiene et al. (2011) have suggested that dietary E. faecium DSM 7134 increases ADG and feed conversion ratio in weanling and finishing pigs. According to Yan and Kim (2013) , E. faecium DSM 7134 led to an enhanced ADG and G : F ratio.
Nutrient digestibility
In the report of Beaulieu et al. (2009) , high energy diets resulted in increased energy intake and consequently improved growth performance in pigs. Meng et al. (2010) also reported that the effect of probiotics on nutrient digestibility (N and energy) could be enhanced with high nutrient density diets, and that this may be due to the positive effect of probiotics on the microflora balance in the gut. Thus, our study is in agreement with the above findings in which the ATTD values of dry matter (DM) in weanlings fed with T2 and T3 treatments were higher when compared with weanling pigs fed with T1 and CON diets after both two and six weeks. Yan et al. (2010) reported that increased nutrient density improved ADG in the growingfinishing pigs.
Blood profiles
The concentrations of serum BUN, creatinine, uric acid, AST, ALT and glucose were analysed after Weeks 2 and 6. The levels of glucose were found to be significantly increased in treatment groups (T1, T2 and T3) when compared to the control in the two week trial. In the six week trial, glucose levels were also found to be increased in the treatments when compared to the control group. AST and ALT levels were not found to differ substantially from the controls in the treatment groups after both two and six weeks. According to Hong et al. (2012) , addition of MCT in weanling pig diet can improve ADG and digestibility during a period of two weeks, but shows little effect on blood characteristics. Our study is in agreement with the report of Yan and Kim (2013) where no differences were observed in blood characteristics. These results are also consistent with our own earlier study Chen et al. (2006) , in which no differences were observed after probiotic supplementation in pigs.
Faecal microflora and faecal score
The presence of Lactobacillus in the gastrointestinal tract is believed to be beneficial for the pig. However, in the current study, supplementation of MCFA with probiotics in the treatment groups (T1, T2 and T3) did not result in any significant differences compared to the control. There was also no significant difference in faecal score from Day 1 to Day 7 in weanling pigs in the treatment groups when compared to the control. E. faecium harbours an inhibitory substance, which functions as a probiotic bacterial inhibitor of Streptococcal mutans (Kumada et al. 2009 ). Cernauskiene et al. (2011) also suggested that E. faecium are normal components of the swine intestinal microbiota, which could produce lactic acid to reduce the pH of the intestinal content and prevent the development of invasive pathogens. The levels of faecal lactobacilli were shown to be increased by dietary probiotic supplementation (Yan and Kim 2013) . Ferket et al. (2002) proposed that probiotics indirectly reduce environmental pollutants by improving feed efficiency, nutrient retention and intestinal microbiotia.
Gas emission
During recent years, different dietary strategies have been successfully employed to reduce gas emissions in piglet production. Here, we assessed mean gas emissions after different dietary treatments. Dietary MCFA with probiotics did not elicit any reduction in mercaptan, hydrogen sulphide and acetic acid emission, but did result in a significant decrease in ammonia emission in weanling pigs. Slight differences were observed among the treatments but these were not significant when compared to each other or with respect to the control. It is possible that with a higher proportion of MCFA, NH 3 , mercaptan, hydrogen sulphide and acetic acid emission reduction would have been significant. Indeed, faecal noxious gas content was reported to be reduced after probiotic supplementation (Yan and Kim, 2013) . According to Ferket et al. (2002) , faecal noxious gas content is related to intestinal microflora in the gastrointestinal tract of pigs. Our previous study has suggested that increased nutrient digestibility could be considered as a reason for the reduced noxious gas content Yan et al. 2011) .
CONCLUSION
In conclusion, our results suggest that dietary supplementation with MCFA along with probiotic in weanling pigs can improve growth performance, increase nutrient digestibility and enhance biochemical profiles, in a manner comparable to antibiotic treatments. We suggest that the ability of the active compounds to persist for longer along the gastrointestinal tract allowed them to act synergistically. Since there is an urgent need for growth promoters other than antibiotics, dietary probiotics may become a common and efficacious alternative for improving health status and performance in pigs. The beneficial effects of probiotic supplementation in pigs could be improved with high energy and nutrient dense diets. Thus, dietary
